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SUBJECT:  Sayersbrook  Lake  Dam  Phase  I  Inspection  Report 


This  report  presents  the  results  of  a  field  inspection  and  an  evaluation  of 
the  Sayersbrook  Lake  Dam. 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal  Dams. 


This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis  District 
as  a  result  of  the  application  of  the  following  criteria: 


1) 

2) 

3) 


Spillway  will  not  pass  50  percent  of  the  Probable  Maximum  Flood. 
Overtopping  could  result  in  dam  failure. 

Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream. 
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PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

Scace  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Sayersbrook  Lake  Dam 

Missouri 

Washington 

Ashley  Branch  Fourche  a  Renault 
22  August  1978 


The  Sayersbrook  Lake  Dam  was  visually  inspected  by  engineering  personnel 
of  the  office  of  Horner  &  Shifrin,  Inc.,  Consulting  Engineers,  St.  Louis, 
Missouri.  The  purpose  of  the  Inspection  was  to  assess  the  general  condition 
of  the  dam  with  respect  to  safety  and,  based  upon  this  inspection  and  avail¬ 
able  data,  determine  if  the  dam  poses  a  hazard  to  human  life  or  property. 

The  following  summarizes  Che  findings  of  the  Inspection  and  the  results 
of  certain  hydrologic /hydraulic  investigations  performed  under  the  direction 
of  the  inspection  team. 

\ 

Based  on  a  visual  inspection,  the  present  general  physical  condition  of 
the  dam  la  considered  to  be  satisfactory;  however,  the  following  deficiencies 
were  noticed  during  the  Inspection  and  are  considered  to  have  an  adverse 
effect  on  the  overall  safety  and  future  operation  of  the  dam: 

1.  A  few  small  trees  and  patches  of  brush  that  may  conceal  animal  bur¬ 
rows  exist  on  the  downstream  slope  of  the  dam.  Tree  roots  and 
animal  burrows  can  provide  passageways  for  seepage  that  may  develop 
into  a  piping  condition. 

'  2.  Erosion  of  the  downstream  slope,  believed  to  be  due  to  drainage  of 
storm  runoff,  has  occurred  at  the  Intersection  of  the  embankment  and 
the  left  abutment.  Erosion  of  the  embankment  will  reduce  the  sec¬ 
tion  and  may  lapalr  the  stability  of  the  dam. 


\ 

3.  The  emergency  spillway  is  located  within  the  embankment  and  has  only 
a  grass  cover  to  protect  It  from  erosion  by  lake  outflow.  A  grass 
covered  slope  in  a  fill  section  is  not  considered  adequate  to  pre¬ 
vent  erosion  by  spillway  flow.  Erosion  of  this  section  could  result 
in  failure  of  the  dam. 

4.  Lake  water  was  noticed  emerging  in  the  bottom  of  the  spillway  chan¬ 
nel  at  a  point  approximately  10  feet  downstream  of  the  concrete 
weir.  It  appears  that  a  seepage  path  may  have  developed  beneath  the 
spillway  wall.  Seepage  at  this  location  could  develop  into  a  piping 
condition  that  could  affect  the  operation  of  the  lake. 

5.  A  heavy  growth  of  small  willow  trees  and  brush  exists  in  the  spill¬ 
way  exit  channel.  This  growth  will  restrict  spillway  flow  and  could 
result  in  overflow  of  the  channel  that  may  produce  erosion  of  the 
adjacent  embankment.  Erosion  of  the  embankment  may  impair  the 
stability  of  the  dam. 

According  to  the  criteria  set  forth  in  the  recommended  guidelines  (see 
text)  the  spillway  design  flood  for  this  dam,  which  Is  classified  as  inter¬ 
mediate  in  size  and  of  high  hazard  potential,  is  specified  to  be  the  Probable 
Maximum  Flood  (PMF).  PMF  is  the  flood  that  may  be  expected  from  the  most 
severe  combination  of  critical  meteorologic  and  hydrologic  conditions  that  are 
reasonably  possible  in  the  region.  Results  of  a  hydrologic/hydraulic  analysis 
indicated  that  the  existing  spillways  (concrete  weir  plus  emergency)  are  inade¬ 
quate  to  pass  the  lake  outflow  resulting  from  a  storm  of  PMF  magnitude  without 
overtopping  the  dam.  The  spillways  are  capable,  however,  of  passing  lake 
outflow  resulting  from  the  1  percent  chance  (100-year  frequency)  flood  and 
lake  outflow  corresponding  to  about  49  percent  of  the  PMF.  The  length  of  the 
downstream  damage  zone,  should  failure  of  the  dam  occur,  is  estimated  to  be 
ten  miles.  Within  the  first  mile  of  the  possible  damage  zone  are  two  homes, 
a  swimming  pool  and  recreation  area,  and  two  county  roads. 


A  review  of  available  data  did  not  disclose  that  seepage  and  stability 
analyses  of  the  dam  were  performed.  This  is  considered  a  deficiency  and 
should  be  rectified. 

It  is  recommended  that  the  Owner  take  the  necessary  action  in  the  near 
future  to  correct  or  control  the  safety  defects  and  deficiencies  reported 
herein. 


P.E.  Missouri  E-9168 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
SAYERSBROOK  LAKE  DAM  -  ID  NO.  30112 


SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  National  Dan  Inspection  Act,  Public  Law  92-367,  dated 
8  August  1972. 

b.  Purpose  of  Inspection.  The  purpose  of  this  visual  inspection  was  to 
made  an  assessment  of  the  general  condition  of  the  dan  with  respect  to  safety 
and,  based  upon  available  data  and  this  inspection,  determine  If  the  dam  poses 
a  hazard  to  human  life  or  property. 

c.  Evaluation  Criteria.  This  evaluation  was  performed  in  accordance 
with  the  "Phase  I"  investigation  procedures  as  prescribed  in  "Recosmended 
Guidelines  for  Safety  Inspection  of  Dams,"  Appendix  D  to  "Report  of  the  Chief 
of  Engineers  on  the  National  Program  of  Dams,"  dated  May  1975. 


1.2  DESCRIPTION  OF  PROJECT 


a.  Description  of  Dam  and  Appurtenances.  The  Sayersbrook  Lake  Dam  is  an 
earthflll  type  embankment  rising  approximately  65  feet  above  the  original 
stream  bed.  In  general,  the  embankment  has  an  upstream  slope  of  lv  on  1.3h 
above  the  waterline,  a  crest  width  of  about  22  feet,  and  a  downstream  slope  of 
lv  on  2.2h.  The  upstream  face  of  the  dam  is  protected  by  riprap.  Lake  level 
is  governed  by  overflow  of  a  concrete  weir  at  the  principal  spillway  which  is 
located  in  the  hillside  at  the  right  abutment.  Removable  wood  planks  are  used 
to  raise  the  level  of  the  impounded  water  approximately  11  inches  for  irriga¬ 
tion  purposes.  A  bridge,  approximately  12  feet  wide,  crosses  the  spillway 
along  the  longitudinal  axis  of  the  dam.  An  emergency  spillway,  approximately 
4.5  feet  higher  than  the  principal  spillway  weir  and  4.5  feet  lower  than  the 


top  of  the  dam,  is  located  Immediately  to  the  left  of  the  principal  spillway 
within  the  embankment.  A  24-inch  diameter  pipe  serves  the  lake  for  drawdown 
purposes  and  a  2-inch  diameter  pipe  allows  water  from  near  the  bottom  of  the 
lake  to  flow  continuously  downstream. 

b.  Location.  The  dam  and  lake  are  located  on  the  Ashly  Branch  of  the 
Fourche  a  Renault,  approximately  five  miles  north  of  Shirley,  Missouri,  in 
Washington  County,  as  shown  on  the  Regional  Vicinity  Map,  Plate  1.  The  dam  is 
located  in  Section  28,  Township  38  North,  Range  1  East,  approximately  five 
miles  north  of  the  intersection  of  State  Routes  8  and  AA. 

c.  Size  Classification.  The  classification  for  size  based  on  the  height 
of  the  dam  and  storage  capacity  is  categorized  as  intermediate.  (Per  Table  1, 
Recommended  Guidelines  for  Safety  Inspection  of  Dams.) 

d.  Hazard  Classification.  According  to  the  St.  Louis  District,  Corps  of 
Engineers,  the  Sayersbrook  Lake  Dam  has  a  high  hazard  potential,  meaning  that 
the  dam  is  located  where  failure  may  cause  loss  of  life,  serious  damage  to 
homes,  extensive  agricultural,  industrial  and  commercial  facilities,  important 
public  utilities,  main  highways,  or  railroads.  The  estimated  flood  damage 
zone,  should  failure  of  the  dam  occur,  as  determined  by  the  St.  Louis  District, 
extends  ten  miles  downstream  of  the  dam.  Within  the  first  mile  of  the  possi¬ 
ble  damage  zone  are  two  homes,  a  swimming  pool  and  recreation  area,  and  two 
county  roads. 

e.  Ownership.  Ti»e  lake  and  dam  are  owned  by  Mr.  Herbert  W.  Sayers, 

Rural  Route  2,  Potosi,  Missouri,  63664. 

f.  Purpose  of  Dam.  The  dam  impounds  water  for  the  purposes  of  irriga¬ 
tion  and  recreation. 

g.  Design  and  Construction  History.  The  dam  was  constructed  during  1956 
and  1957  by  R.  G.  Aldridge  &  Sons,  Contractors,  of  Kansas  City,  Missouri. 
According  to  the  Owner,  no  formal  engineering  data  was  employed  or  analyses 


made  to  determine  the  stability  of  the  dam  or  the  hydrologic /hydraulic  require¬ 
ments  of  the  spillway.  According  to  the  Owner,  a  group  of  undergraduate 
students  from  the  University  of  Missouri  at  Rolla  made  a  hydrologic  study  of 
the  lake  watershed  and  spillway  sometime  about  1969.  Based  on  this  study,  the 
students  recommended  raising  the  dam  five  feet  as  well  as  the  provision  of  an 
emergency  spillway.  The  Owner  retained  the  firm  of  Russell  &  Axon,  Consulting 
Engineers,  St.  Louis,  Missouri,  who  agreed  that  the  dam  should  be  raised  and  a 
second  spillway  provided  and  subsequently  prepared  plans  for  these  improve¬ 
ments.  In  1971,  the  Loomis  Construction  Company,  Potosi,  Missouri,  raised  the 
dam  the  specified  five  feet  and  constructed  the  new  spillway.  However,  neither 
the  riprap  specified  by  Russell  &  Axon  to  be  placed  on  the  slopes  nor  the  con¬ 
crete  slab  to  be  Installed  at  the  spillway  crest  were  constructed.  No  data 
relating  to  the  design  of  the  dam  or  the  spillways  are  available. 

h.  Normal  Operational  Procedures.  The  lake  level  is  unregulated.  Wood 
planks  can  be  installed  at  the  concrete  weir  to  raise  the  level  of  the  lake 
approximately  11  inches  when  so  desired. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  The  lake  watershed  is  virtually  undeveloped  and,  in  a 
natural  state,  covered  with  timber.  The  watershed  area  above  the  dam  amounts 
to  approximately  820  acres.  The  watershed  is  outlined  on  Plate  1. 

b.  Discharge  at  Damsite. 

(1)  Estimated  maximum  flood  at  damsite  ...  500  cfs^ 

(2)  Spillway  capacity  (principal  only)  ...  620  cfs  (W.S.  elev.  899.6) 

(3)  Spillway  capacity  (principal  plus  emergency)  ...  3,920  cfs  (W.S.  elev.  903.8) 


(1)  Based  on  an  estimated  high  water  elevation  of  899.0  as  indicated  by  the 
Owner. 


c.  Elevation  (ft.  above  MSL).  The  top  of  the  concrete  spillway  weir  was 
assumed  to  be  elevation  895,  the  basis  for  this  assumption  being  the  elevation 
for  the  lake  water  surface  shown  on  the  1958  Shirley,  Missouri,  Quadrangle  Map 
7.5  minutes  series,  and  assumed  to  be  the  normal  pool  level. 

Cl)  Top  of  dam  ...  903.8  (min.) 

(2)  Normal  pool  (spillway  crest)  ...  895.0 

(3)  Irrigation  pool  ...  895.9  (11-inch  planks  in  place) 

C4)  Streambed  at  centerline  of  dam  ...  839+  (est.) 

(5)  Maximum  known  tailwater  ...  Unknown 

(6)  Pool  at  date  of  Inspection  ...  895.0 

d.  Reservoir. 

(1)  Length  of  maximum  pool  (elev.  903.8)  ...  3,700  ft. 

C2)  Length  of  normal  pool  (elev.  895.0)  ...  3,100  ft. 

e.  Storage. 

(1)  Normal  pool  ...  656  ac.ft. 

(2)  Irrigation  pool  (Incremental)  ...  52  ac.ft. 

(3)  Top  of  dam  (Incremental  above  irrigation  pool)  ...  382  ac.ft. 

f .  Reservoir  Surface. 

(1)  Top  of  dam  ...  55  acres 

(2)  Irrigation  pool  ...  38  acres 

(3)  Normal  pool  ...  36  acres 

g.  Dam.  Data  tabulated  below  per  survey  made  on  date  of  Inspection 
unless  otherwise  Indicated. 

(1)  Type  . . .  Earthfill,  homogeneous 

(2)  Length  ...  920  ft. 

(3)  Height  ...  63  ft. 

(4)  Top  width  ...  22  ft. 

(5)  Side  slopes 

(a)  Upstream  ...  lv  on  1.3h  (riprap,  above  waterline) 

(b)  Downstream  ...  lv  on  2. 2h 
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(6)  Cutoff  ...  Core  trench  (per  Owner) 

(7)  Slope  protection 

(a)  Upstream  . . .  Stone  riprap 

(b)  Downstream  . . .  Grass 

h.  Principal  Spillway. 

(1)  Type  ...  Concrete,  uncontrolled^ 

(2)  Length  of  weir  ...  33  ft. 

(3)  Crest  elevation  ...  895.0 

(4)  Upstream  channel  . . .  Lake 

(5)  Downstream  channel  ...  Garth  cut  section 

1.  Emergency  Spillway. 

(1)  Type  ...  Uncontrolled,  broad-crested  section 

(2)  Length  (bottom)  ...  60  feet 

(3)  Elevation  ...  899.6  (ft.  above  MSL) 

(4)  Entrance  channel  . . .  Lake 

(5)  Exit  channel  ...  Embankment 

(6)  Slope  protection  ...  Grass 

j .  Outlet  for  Lake  Drawdown. 

(1)  Type  ...  24-inch  steel  pipe 

(2)  Invert  elevation 

(a)  Upstream  . . .  Unknown 

(b)  Downstream  . . .  840. 9 

(3)  Control  ...  Valve  at  inlet  end  of  pipe;  valve  operating  rod  extends 

to  dam  crest. 


(1)  Can  be  raised  approximately  11  inches  by  installing  wood  planks. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 


No  engineering  data  relating  to  the  original  design  of  the  dam  are  known 
to  exist.  Plans  prepared  by  Russell  &  Axon,  Consulting  Engineers  (reference 
Plates  2  and  3)  for  raising  the  dam  approximately  five  feet  and  for  provision 
of  a  new  spillway,  indicate  how  these  improvements  were  to  be  constructed. 
However,  according  to  a  representative  of  Russell  &  Axon,  design  data  relating 
to  these  improvements  could  not  be  located.  The  1969  study  of  the  lake  water¬ 
shed  by  the  students  from  the  University  of  Missouri  at  Rolla  (UMR) ,  wherein 
the  original  recommendations  for  raising  the  dam  and  provision  of  an  emergency 
spillway  were  made,  was  also  unavailable. 

In  1969,  in  order  to  fulfill  a  requirement  for  a  master’s  degree  in  civil 
engineering,  a  graduate  student  from  UMR  prepared  a  thesis  entitled  "Clay 
Mineralogy  and  Compaction  Characteristics  of  Residual  Clay  Soils  in  Earth  Dam 
Construction  in  the  Ozark  Province  of  Missouri."  As  the  title  indicates,  the 
thesis  is  primarily  a  study  of  the  nature  of  clayey  residual  soils  and  the 
factors  which  affect  the  compaction  of  these  soils.  Some  of  the  soil  data 
used  in  this  study  was  obtained  from  the  Sayersbrook  Lake  Dam.  Page  170  of 
this  treatise  (Reference  Chart  2-1),  is  considered  germane  to  this  investiga¬ 
tion  and  is  included  herein.  The  dam  sections  and  comments  pertain  to  the 
condition  of  the  structure  prior  to  raising  the  dam  in  1971. 


2.2  CONSTRUCTION 


The  only  known  record  of  the  construction  of  the  dam  consists  of  a  15 
minute  long,  8  mm  color  film,  taken  by  the  Owner,  showing  the  dam  at  various 
stages  of  completion.  This  film  was  viewed  by  the  inspection  team  and  it  did 
show  that  a  core  trench  was  constructed.  The  total  depth  of  the  trench  could 
not  be  determined  from  the  film.  Compaction  of  the  fill  in  the  embankment  was 
evidently  accomplished  using  a  sheepsfoot  roller. 
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According  to  the  Owner’s  records,  a  slide  occurred  at  the  downstream 
slope  near  the  center  of  the  dam  while  placing  the  fill  for  raising  the  dam  in 
1970.  The  slide  was  repaired  and  the  Owner  reports  no  further  problems  at 
this  location. 

According  to  the  Owner’s  records  and  drawings  prepared  by  Russell  &  Axon, 
the  invert  of  the  emergency  spillway  was  indicated  to  be  2  feet  higher  than 
the  top  of  the  concrete  weir  at  the  emergency  spillway  and  7  feet  lower  than 
the  top  of  the  dam.  Based  on  elevations  obtained  by  survey  at  the  time  of  the 
inspection,  the  difference  between  the  emergency  spillway  invert  and  the  top 
of  the  weir  was  found  to  be  approximately  4.5  feet.  The  top  of  the  dam  was 
found  to  be  about,  9  feet  higher  than  the  concrete  weir  at  ths  principal  spillway. 


2 . 3  OPERATION 

The  lake  level  is  governed  by  overflow  of  a  concrete  weir  type  spillway. 
Wood  planks  can  be  Installed  above  the  weir  to  raise  the  lake  level  approxi¬ 
mately  11  Inches.  The  Owner  reports  that  this  is  done  during  periods  when 
irrigation  requirements  place  a  high  demand  on  the  supply  of  water  available 
from  the  lake.  An  emergency  spillway,  approximately  5  feet  higher  than  the 
concrete  weir,  is  also  available  if  lake  outflow  conditions  warrant.  Accord¬ 
ing  to  the  Owner,  the  maximum  loading  on  the  dam  was  a  storm  that  produced  a 
rise  of  about  5  feet  above  normal  pool  level,  or  near  the  invert  level  of  the 
emergency  spillway. 


2.4  EVALUATION 

a.  Availability.  Engineering  data  for  assessing  the  design  of  the 
earthflll  dam  and  spillway  ware  unavailable. 

b.  Adequacy.  No  data  available.  Seepage  and  stability  analyses  compar¬ 
able  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams"  were  not  available,  which  is  considered  a  deficiency.  These  seepage 
and  stability  analyses  should  be  performed  for  appropriate  loading  conditions 
(including  earthquake  loads)  and  made  a  matter  of  record. 


SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General.  A  visual  Inspection  of  the  dam  and  spillways  was  made  by 
Horner  &  Shifrln  engineering  personnel  on  22  August  1978.  Also  inspected  at 
this  time  was  the  area  downstream  of  the  dam,  including  the  various  road  cross¬ 
ings  between  the  dam  and  State  Highway  183  (formerly  114)  for  a  distance  of 
about  five  miles.  Photographs  of  the  dam  taken  at  the  time  of  the  inspection 
are  included  on  Pages  A-l  thru  A-3  of  the  Appendix. 

b.  Dam.  The  visible  portions  of  the  upstream  and  downstream  faces  of 
the  dam  (see  Photos  1,  2,  and  3)  appeared  to  be  in  sound  condition  although 
several  small  and  medium-size  trees  and  patches  of  brush  exist  on  the  down¬ 
stream  face.  Riprap,  consisting  of  limestone  rock  that  varies  in  size  from 
about  2- inches  to  about  12- Inches,  serves  to  protect  the  upstream  slope  from 
erosion.  The  riprap  extends  to  a  level  approximately  3  feet  above  the  normal 
waterline.  The  downstream  slope  at  the  junction  with  the  left  abutment  is 
eroded,  apparently  by  storm  drainage  runoff,  to  a  maximum  depth  of  about  3 
feet.  No  lake  seepage  was  noticed  at  the  downstream  toe  of  slope  or  at  the 
junction  of  the  embankment  and  abutments. 

The  extension  rod  for  operation  of  the  valve  on  the  24-inch  lake  drawdown 
pipe  appeared  to  be  in  sound  condition  although  the  surface  was  rusted  where 
exposed  and  encrusted  below  the  waterline.  The  Owner  reported  that  the  valve 
has  not  been  operated  in  several  years.  According  to  the  Owner,  the  drawdown 
pipe  is  a  24-inch  corrugated  metal  pipe  section,  encased  in  concrete  for  its 
entire  length.  Examination  of  the  outlet  end  of  the  pipe  indicated  that  the 
minimum  concrete  encasement  was  about  6- inches  and  was  square  in  cross  section. 
A  2- inch  steel  pipe  is  hung  from  the  intrados  of  the  24- inch  pipe.  The  2-inch 
pipe  extends  approximately  6-inches  beyond  the  end  of  a  55  gallon  steel  drum 
(see  Photo  4)  that  serves  to  protect  the  pipe.  A  globe-type  valve  located  at 
the  end  of  the  2-inch  pipe  serves  to  control  the  flow.  At  the  time  of  the 
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inspection  the  valve  was  open  and  discharging  lake  water.  The  valve  was  found 
to  be  In  good  condition  and  operable.  The  Owner  could  not  recall  the  details 
of  how  the  2-inch  pipe  projected  through  the  24-inch  pipe  and  reached  the 
lake.  The  Owner  did  Indicate  that  the  2-inch  pipe  projects  through  the  24- 
inch  pipe  at  a  point  just  downstream  of  the  24- inch  valve. 

Based  on  the  appearance  and  composition  of  the  soil  used  to  build  the  dam 
as  viewed  in  the  color  film  of  construction  provided  by  the  Owner,  examination 
of  the  residual  soil  in  the  borrow  area  where  materials  were  obtained  to  raise 
the  dam,  and  the  soil  at  the  surface  in  eroded  areas  of  the  dam,  it  appears 
that  the  soil  used  to  construct  the  dam  was  a  stoney,  red  clay.  The  soil 
classification  values  (LL  *  105,  PL  ■  41,  PI  *  64)  reported  on  Chart  2-1 
Indicate  the  material  used  to  be  an  inorganic  clay  of  high  plasticity  con¬ 
firming  the  observations  reported  above. 

c.  Principal  Spillway.  The  concrete  weir  at  the  principal  spillway,  in¬ 
cluding  the  12-inch  high  piers  for  support  of  the  wood  planks  and  the  concrete 
bridge  crossing  the  spillway  approach  channel  (see  Photo  5) ,  appeared  to  be  in 
sound  condition.  The  clear  distance  between  the  concrete  weir  and  the  under¬ 
side  of  the  bridge  was  measured  to  be  approximately  3.5  feet.  Water,  believed 
to  be  from  the  lake,  was  emerging  in  the  bottom  of  the  spillway  channel  at  a 
point  approximately  10  feet  downstream  of  the  concrete  weir.  A  heavy  growth 
of  small  willows  and  brush  was  noticed  in  the  exit  channel  (see  Photo  6) 
between  the  spillway  crest  and  the  downstream  channel. 

d.  Emergency  Spillway.  The  emergency  spillway  is  located  in  the  embank¬ 
ment  and,  with  the  exception  of  riprap  at  the  upstream  face  of  the  dam,  is 
grass  covered.  The  exit  channel  for  the  emergency  spillway  joins  the  down¬ 
stream  channel  at  a  point  approximately  60  feet  below  the  dam  and  at  an  angle 
that  appeared  to  be  slightly  less  than  90  degrees  to  the  alignment  of  the 
channel. 

e.  Reservoir.  The  bank  contiguous  to  the  lake  appeared  to  be  in  satis¬ 
factory  condition  and  was  covered  with  grass  and  trees.  No  appreciable  sedi¬ 
mentation  in  the  lake  was  noticed  or  reported  by  the  Owner. 


f.  Downstream  Channel.  The  downstream  channel  Is  unimproved.  Ashly 
Branch  joins  the  Fourche  a  Renault  about  1  mile  below  the  dam  and  Fourche  a 
Renault  joins  Mineral  Fork  approximately  8  miles  below  the  dam.  State  Highway 
185  crosses  Fourche  a  Renault  approximately  5  miles  below  the  dam. 

3 . 2  EVALUATION 

The  deficiencies  observed  during  this  inspection  are  not  considered  sig¬ 
nificant  to  warrant  immediate  remedial  action. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  FINDINGS 

The  spillway  is  uncontrolled.  Wood  planks  can  be  installed  to  raise  the 
level  of  the  lake  approximately  11  inches  above  normal  pool.  The  water  sur¬ 
face  level  is  governed  by  rainfall  runoff,  evaporation,  seepage,  and  the 
capacity  of  the  uncontrolled  spillway. 

4.2  MAINTENANCE  OF  DAM  AND  SPILLWAY 

According  to  the  Owner,  the  grass  on  the  dam  crest  is  mowed  occasionally 
during  the  growing  season.  It  was  also  reported  that  trees  appearing  in  the 
upstream  and  downstream  faces  of  the  dam  are  cut  to  ground  level  once  a  year; 
however,  the  grass  on  the  slopes  is  not  cut  at  all.  No  maintenance  of  the 
spillways  or  outlet  channel  has  been  performed  since  completion  of  construc¬ 
tion  of  these  appurtenances. 

4.3  MAINTENANCE  OF  OUTLET  OPERATING  FACILITIES 

No  spillway  control  facilities  exist  at  this  time.  The  valve  on  the  24- 
inch  lake  drawdown  pipe  was  closed  and  not  leaking  at  the  time  of  the  inspec¬ 
tion.  According  to  the  Owner,  it  has  not  been  operated  in  several  years  for 
fear  of  not  being  able  to  re-close  it.  The  valve  on  the  2- inch  pipe,  used  to 
provide  continuous  flow  downstream,  is  maintained  in  working  condition. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEMS  IN  EFFECT 

The  inspection  did  not  reveal  the  existence  of  a  dam  warning  system. 

4 . 5  EVALUATION 

Lack  of  maintenance  is  considered  detrimental  to  the  safety  of  the  dam. 
It  is  recommended  that  maintenance  of  the  downstream  slope  of  the  dam  include 
cutting  the  brush,  and  that  maintenance  of  the  spillway  outlet  channel  be 
included  along  with  maintenance  of  the  valve  on  the  lake  drawdown  pipe. 


SECTION  5  -  HYDRAULIC/ HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Design  data  are  not  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  were  devel¬ 
oped  from  the  USGS  Shirley,  Missouri,  and  Richwoods,  Missouri,  Quadrangle 
Maps.  The  proportions  and  dimensions  of  the  spillways  and  dam  were  determined 
from  surveys  made  during  the  inspection. 

c .  Visual  Observations. 

(1)  A  concrete  bridge  structure  spans  the  principal  spillway  approach 
channel  limiting  the  waterway  area  available  for  lake  outflow  at  this  loca¬ 
tion.  The  opening  is  of  such  a  size  that  plugging  by  debris  is  possible 
during  large  overflows. 

(2)  Wood  planks,  approximately  11  Inches  high,  can  be  placed  above  the 
concrete  weir  in  order  to  raise  the  lake  water  surface  above  the  normal  pool 
level.  These  planks.  If  in  place,  further  reduce  the  waterway  area  available 
for  lake  outflow  at  this  spillway  location. 

(3)  The  principal  spillway  and  outlet  channel  are  located  at  the  right 
abutment  of  the  dam.  Spillway  releases  within  the  limited  capacity  of  the 
principal  spillway  section  will  not  endanger  the  integrity  of  the  dam.  Lake 
level  above  the  underside  of  the  bridge  across  the  approach  channel  or  pres¬ 
sure  exerted  on  the  structure  due  to  plugging  of  the  opening  below  the  struc¬ 
ture  could  endanger  the  structure.  Also,  plugging  of  the  opening  at  the  prin¬ 
cipal  spillway  will  require  additional  capacity  at  the  emergency  spillway  that 
may  not  be  available. 

(4)  The  crest  and  exit  channel  of  the  emergency  spillway  have  a  grass 
cover  to  protect  these  sections  from  erosion  by  lake  outflow.  Spillway 


releases  could  endanger  the  integrity  of  the  dam  since  the  emergency  spillway 
is  located  within  the  embankment,  which  may  erode  when  spill  occurs. 

d.  Overtopping  Potential.  The  results  of  a  dam  overtopping  analysis  are 
as  follows.  (Computations  are  based  upon  the  assumption  that  the  wood  planks 
are  in  place  during  Che  flooding  events.) 

Duration  of 
Max.  Depth  of  Overtopping 
Q  -  Peak  Max.  Lake  Water  Flow  Over  Dam  of  Dam 

Ratio  of  PMF  Outflow  (cfs)  Surface  Elev.  (Elev.  903.8)  (Hours) 

0.49  3,920  903.8  0  0 

0.50  4,040  903.9  0.1  0.2 

1.00  12,990  905.8  2.0  1.1 

100-Year  Flood  970  900.8  0  0 

The  computations  clearly  indicate  that  the  spillway  sections  are  not  ade¬ 
quate  for  the  PMF  and  are  adequate  or  nearly  bo  for  the  1/2  PMF.  However,  it 
should  be  recognized  that  during  the  occurrence  of  the  1/2  PMF,  depth  of  flow 
over  the  emergency  spillway  during  the  peak  will  be  about  4  feet.  Calcula¬ 
tions  Indicate  that  the  duration  of  the  flow  over  the  spillway  could  be  about 
8  hours,  and  at  depths  of  one  foot  or  greater,  about  5  hours.  Since  the  emer¬ 
gency  spillway  has  been  built  in  the  embankment  of  the  dam  without  any  protec¬ 
tion  against  erosion  other  than  grass  cover,  serious  doubts  exist  as  to  the 
physical  adequacy  of  the  spillway  to  maintain  the  existing  section  throughout 
the  overflow  period. 

The  flow  safely  passing  the  spillways  (principal  plus  emergency)  just 
prior  to  overtopping  amounts  to  about  3,920  cfs,  which  is  equivalent  to  the 
outflow  from  about  49  percent  of  the  probable  maximum  flood,  and  exceeds  the 
outflow  from  the  1  percent  chance  (100-year  frequency)  flood.  The  flow  pass¬ 
ing  the  principal  spillway  with  the  lake  level  just  below  the  underside  of  the 
bridge  structure  (elevation  898.5)  amounts  to  about  380  cfs,  and  with  the  lake 
level  at  the  invert  of  the  emergency  spillway  (elevation  899.6)  the  flow 
amounts  to  about  620  cfs. 

Procedures  and  data  for  determining  the  probable  maximum  flood,  the  100- 
year  frequency  flood,  and  the  discharge  rating  curve  for  flow  over  the  spill¬ 
ways  and  the  dam  crest  are  presented  on  Pages  B-l  and  B-2  of  the  Appendix.  A 
listing  of  the  HEC-1  (Dam  Safety  Version)  input  data  is  shown  on  Pages  B-3 
through  B-5  of  the  Appendix.  A  copy  of  the  computer  output  table  entitled 
"Summary  of  Dam  Safety  Analysis"  is  presented  on  Page  B-6  of  the  Appendix. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  that  adversely  affect  the 
structural  stability  of  the  dam  are  discussed  in  Section  3,  paragraph  3.1b. 

b.  Design  and  Construction  Data.  No  design  and  construction  data  relat¬ 
ing  to  the  structural  stability  of  the  dam,  except  as  noted  herein,  are  known 
to  exist.  Based  upon  the  film  of  the  construction  taken  by  the  Owner,  it  is 
assumed  that  the  dam  was  constructed  with  a  core  trench  and  that  the  fill  in 
the  embankment  was  compacted  using  a  sheepsfoot  roller. 

c.  Operating  Records.  With  the  exception  of  the  valves  on  the  24- inch 
and  2-inch  lake  drain  pipes,  no  facilities  requiring  operation  exist  at  this 
dam.  It  is  not  known  if  the  24- inch  valve  can  be  operated  at  this  time.  Wood 
planks  can  be  installed  at  the  spillway  to  raise  the  level  of  the  lake  approx¬ 
imately  11  inches  above  the  normal  pool  level.  According  to  the  Owner,  no 
records  have  been  kept  of  lake  level,  spillway  discharge,  dam  settlement,  or 
seepage. 


d.  Post  Construction  Changes.  Post  construction  changes  that  affect  the 
structural  stability  of  the  dam  are  discussed  in  Section  2,  paragraphs  2.1  and 
2.2.  Computations  for  the  analyses  of  the  structural  stability  of  the  dam  for 
the  additional  height  of  fill  over  the  original  dam  embankment  are  not  known 
to  exist. 


e.  Seismic  Stability.  Since  the  dam  is  located  within  a  Zone  II  seismic 
probability  area,  an  earthquake  of  the  magnitude  predicted  is  not  expected  to 
produce  a  hazardous  condition  to  the  dam,  provided  that  static  stability  con¬ 
ditions  are  satisfactory  and  conventional  safety  margins  exist. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  A  hydraulic  analysis  indicated  that  the  principal  spillway 
Is  capable  of  passing  lake  outflow  of  about  620  cfs  before  the  level  of  the 
lake  exceeds  the  invert  of  the  emergency  spillway.  A  similar  analysis  indi¬ 
cated  that  the  combined  capacity  of  the  principal  and  emergency  spillways  is 
about  3,920  cfs  without  the  level  of  the  lake  exceeding  the  low  point  in  the 
top  of  the  dam.  These  discharge  capacities  assume  that  the  11-inch  high  wood 
planks  are  in  place  at  the  spillway  weir  and  that  there  is  no  restriction  to 
flow  other  than  the  bridge  structure  at  the  spillway.  A  hydrologic  analysis 
of  the  lake  watershed  area,  as  discussed  in  Section  5,  indicated  that  for  a 
storm  runoff  of  probable  maximum  flood  magnitude,  the  lake  outflow  would  be  on 
the  order  of  12,990  cfs  and  that  for  the  1  percent  chance  (100-year  frequency) 
flood  the  lake  outflow  would  be  approximately  970  cfs. 

Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Dam  Safety"  were  not  available,  which  is  consid¬ 
ered  a  deficiency. 

b.  Adequacy  of  Information.  Due  to  the  lack  of  engineering  and  construc¬ 
tion  data,  the  assessments  reported  herein  were  based  on  external  conditions 
as  determined  during  the  visual  inspection,  recollections  of  the  Owner,  infor¬ 
mation  from  a  Master  Thesis  in  Civil  Engineering  at  the  University  of  Missouri 
at  Rolla,  and  post-construction  modifications  by  Russell  and  Axon  Consulting 
Engineers,  St.  Louis,  Missouri.  The  assessment  of  the  hydrology  of  the  water¬ 
shed  and  capacity  of  the  spillways  were  based  on  an  hydrologic/hydraulic  study 
as  indicated  in  Section  5.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
were  not  available,  which  is  considered  a  deficiency. 

c.  Urgency.  The  items  concerning  the  safety  of  the  dam  noted  in  para¬ 
graph  7.1a  and  the  remedial  measures  recommended  in  paragraph  7.2  should  be 
accomplished  in  the  near  future. 
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d.  Necessity  for  Phase  II.  Based  on  the  results  of  the  Phase  I  Inspec¬ 
tion,  a  Phase  II  investigation  is  not  recommended. 

e.  Seismic  Stability.  Since  the  dam  is  located  within  a  Zone  II  seismic 
probability  area,  an  earthquake  of  the  magnitude  predicted  is  not  expected  to 
produce  a  hazardous  condition  to  the  dam,  provided  that  static  stability  con¬ 
ditions  are  satisfactory  and  conventional  safety  margins  exist. 


7 . 2  REMEDIAL  MEASURES 

a.  Recommendations.  The  following  actions  are  recommended: 

(1)  Based  upon  the  criteria  set  forth  in  the  recommended  guidelines,  the 
design  of  the  dam  should  be  revised  to  result  in  construction  of  structures  to 
pass  lake  outflow  resulting  from  a  storm  of  probable  maximum  flood  magnitude 
without  endangering  the  stability  of  the  dam. 

(2)  Obtain  the  necessary  soil  data  and  perform  stability  and  seepage 
analyses  in  order  to  determine  the  structural  stability  of  the  dam  for  all 
operational  conditions. 

(3)  Provide  some  form  of  slope  protection  at  the  intersection  of  the  dam 
and  the  left  abutment  in  order  to  prevent  erosion  by  storm  drainage  runoff. 
Erosion  of  the  embankment  will  reduce  the  section  that  could  impair  the  sta¬ 
bility  of  the  dam. 

(4)  Provide  some  form  of  protection  at  the  crest  and  downstream  slope  of 
the  emergency  spillway  in  order  to  prevent  erosion  by  spillway  flow.  Erosion 
of  the  earth  fill  could  result  in  failure  of  the  dam. 

(5)  The  possibility  exists  that  flow  emerging  in  the  channel  near  the 
spillway  weir  could  develop  into  a  piping  condition  that  would  affect  the 
operation  of  the  lake.  The  Owner  should  investigate  this  condition  and  de¬ 
termine  the  corrective  measures  to  be  taken. 
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b.  Operations  and  Maintenance  (0  &  M)  Procedures.  The  following  0  &  M 
procedures  are  recommended: 

(1)  Remove  the  trees  and  brush  from  the  downstream  face  of  the  dam.  The 
existing  turf  cover  should  be  restored  if  destroyed  or  missing.  Maintain  the 
turf  cover  on  Che  slope  and  below  the  dam  at  a  height  that  will  not  hinder 
inspection  or  harbor  burrowing  animals.  Voids  created  by  burrowing  animals 
and  tree  roots  can  provide  pathways  for  seepage  and  the  possibility  of  piping. 

(2)  Remove  the  11-inch  high  planks  from  the  spillway,  except  when  re¬ 
quired  to  raise  the  pool  level  for  irrigation  purposes.  This  would  provide 
extra  storage  by  lowering  the  normal  pool. 

C3)  The  Owner  should  periodically  inspect  the  lake  and  remove  large 
pieces  of  floating  debris  that  could  clog  the  waterway  at  the  principal 
spillway. 

(4)  Remove  the  trees  and  brush  from  the  spillway  exit  channel  section  in 
order  to  allow  flow  to  reach  the  downstream  channel  unrestricted.  Restricting 
spillway  discharge  can  result  in  flooding  of  the  area  adjacent  to  the  dam  and 
conditions  detrimental  to  the  stability  of  the  embankment. 

(5)  A  detailed  inspection  of  the  dam  should  be  instituted  on  a  regular 
basis  by  an  engineer  experienced  in  the  design  and  construction  of  earthfill 
type  dams.  It  is  also  recommended,  for  future  reference,  that  records  be  kept 
of  all  inspections  and  remedial  measures. 
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HYDROLOGIC  COMPUTATIONS 


1.  The  HEC-1  Dam  Safety  Version  (July  1978)  program  was  used  to  develop 
inflow  and  outflow  hydrographs  and  dam  overtopping  analyses,  with  hydrologic 
inputs  as  follows: 

a.  Probable  maximum  precipitation  (200  sq.  mile,  24-hr.  value  equals 
26.0  inches)  from  Hydrometeorological  Report  No.  33,  one  hundred  year  fre¬ 
quency  (one  square  mile  precipitation,  24-hr.  value  equals  7.22  inches)  from 
the  U.S.  Weather  Bureau  Technical  Paper  No.  40. 

b.  Drainage  area  «  1.28  square  miles 

»  820  acres 

c.  SCS  parameters 

Lag  time  *  0.17  hours 

Soil  type  CN  -  91  (Soil  type  C,  AMC  III) 

2.  The  principal  spillway  section  consists  of  a  broad-crested  concrete 
U-shaped  section.  A  concrete  bridge  structure  crosses  the  spillway  approach 
channel  on  the  upstream  side  of  the  control  section.  For  lake  surface  eleva¬ 
tions  lower  than  the  underside  of  the  bridge  (elev.  898.5),  spillway  releases 
were  determined  as  follows: 

a.  Spillway  crest  section  properties  (area,  a  and  top  width,  t) 
were  computed  for  various  depths,  d. 

b.  It  was  assumed  that  flow  leaving  the  spillway  crest  would  occur 

at  critical  depth.  Flow  at  critical  depth  (Qc)  was  computed  as 

Qc  ‘  (a3  g)0*5  for  the  various  depth,  d. 
t 

Corresponding  velocities  (vc)  and  velocity  heads  (Hvc)  were 
determined  using  conventional  formulas. 


c.  Static  lake  levels  corresponding  to  the  various  Qc  values  passing 
over  the  spillway  were  computed  as  critical  depths  plus  critical 
velocity  head  (dc  +  Hvc) ,  and  the  relationship  between  lake  level 
and  spillway  discharge  was  thus  obtained.  The  procedure  neglects 
the  minor  insignificant  friction  losses  across  the  length  of  the 
spillway. 

For  lake  surface  elevations  higher  than  the  underside  of  the  bridge,  the 
spillway  opening  was  treated  as  an  orifice,  with  discharges  determined  as 
follows: 

Q  ■  Ca(2gH)0»55  where  C  =  0.6,  a  *  area  of  opening,  and  H  *  head 
on  orifice. 

For  lake  surface  elevations  higher  than  the  cop  of  the  bridge,  in  addi¬ 
tion  to  orifice  flow  as  described  above,  spillway  releases  over  the  top  of  the 
bridge  were  determined  as  flow  over  an  irregular  broad-crested  section  as 
described  under  'a*  thru  'c'  above. 

3.  The  emergency  spillway  consists  of  an  approximately  U-shaped  broad- 
crested  section  for  which  conventional  formulas  do  not  apply.  Spillway  release 
rates  were  determined  as  described  under  '2a'  thru  ’2c'  above. 

4.  The  profile  of  the  dam  crest  is  irregular,  and  flow  over  the  dam 
crest  cannot  be  determined  by  conventional  weir  forumlas.  Flow  quantities 
overtopping  the  dam  crest  were  computed  as  described  under  '2a'  thru  '2c* 
above.  Corresponding  flows  over  the  principal  spillway,  emergency  spillway 
and  dam  crest  for  given  elevations  were  added  to  obtain  the  combined  outflow 
rating  curve.  This  rating  curve  is  shown  on  Plate  5.  The  inflow  and  outflow 
hydrographs  for  the  PMF  are  shown  on  Plate  6. 
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